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PURPOSE: To enhance catalytic activity, by supporting a first 
alumina layer containing Pd and Nd and a second alumina layer 
containing at least one or more of Ph, La and Ce by the wall 
surfaces of the fine pores of a monolithic catalyst carrier. 

CONSTITUTION: A monolithic catalyst for purifying exhaust gas 
is formed of a monolithic catalyst carrier 1 having a large number of 
fine pores 5 having a gas inflow port 3 at one end thereof and a gas 
outflow port 4 at the other end thereof and the catalyst layer 2 
supported by the wall surface of each fine pore 5. In the flow 
direction of exhaust gas 6 of the monolithic catalyst carrier 1 , the 
part 1 E of the catalyst layer 2 in the upstream side of the monolithic 
catalyst carrier 1 comprises a first alumina layer 2A containing Pd 
and Nd while a second alumina layer 2B containing Rh, La and Ce 
is formed to the part 1 F in the downstream side of the monolithic 
catalyst carrier 1 . 
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(54) Title of the Invention: Monolithic Catalyst for Purifying Exhaust Gas 

(21) Application No.: S60 (1985)-209555 

(22) Application Date: September 21,1985 

(72) Inventor: Akiko Naito, c/o Toyota Motor Corporation, 1 Toyota-cho, Toyota-shi 
(72) Inventor: Shinichi Matsumoto, c/o Toyota Motor Corporation, 1 Toyota-cho, Toyota-shi 
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Specification 

1. Title of the Invention 

Monolithic Catalyst for Purifying Exhaust Gas 

2. Claims 

(1) A monolithic catalyst for purifying exhaust gas, characterized in that, in a monolithic catalyst for 
purifying exhaust gas comprising a monolithic catalyst carrier wherein are formed a large number of fine 
pores and having a gas inflow port on one end and a gas outflow port on the other end and a catalyst layer 
supported on the surface of the walls forming said pores, 

said catalyst layer is formed from a first alumina layer containing palladium (Pd) and neodymium 
(Nd), and a second alumina layer containing at least rhodium (Rh) out of platinum (Pt) and rhodium (Rh), 
and at least one of rhodium (Rh), lanthanum (La) and cerium (Ce), 

said first alumina layer and said second alumina layer have a constitution separating along the axial 
orientation of said monolithic catalyst carrier. 

(2) A monolithic catalyst for purifying exhaust gas as claimed in Claim 1, wherein the catalyst layer divides 
the monolithic catalyst carrier in two along the axial orientation, one side being formed from the first 
alumina layer and the other being formed by the second alumina layer. 

(3) A monolithic catalyst for purifying exhaust gas as claimed in Claim 1, wherein one of the above is a 
part on the upstream side of the monolithic catalyst carrier and the other mentioned above is a part in the 
downstream side of or the monolithic catalyst carrier. 

(4) A monolithic catalyst for purifying exhaust gas as claimed in Claim 1, wherein the first alumina layer is 
formed from an alumina layer containing neodymium (Nd) and palladium (Pd) impregnated and carried in 
said alumina layer, 

the second alumina layer is formed from an alumina layer including at least one of lanthanum (La) 
and cerium (Ce); at least platinum (Pt) and rhodium (Rh) impregnated and carried in said alumina layer and 
rhodium (Rh). 

3. Detailed Description of the Invention 
(Field of Application in Industry) 

The present invention relates to a monolithic catalyst for purifying the exhaust gas for internal 
combustion engines. 
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(Prior Art) 

Typically precious metals, such as platinum (Pt), palladium (Pd), and rhodium (Rh), are used alone 
or in combination in catalysts for purifying automobile exhaust gases. Furthermore, various additives, such 
as iron, nickel and other transition metals, as well as lanthanum (La), cerium (Ce), neodymium (Nd) and 
other rare-earth metals have been proposed for effectively exhibiting catalytic operation. However, the 
precious metals in the conventional catalysts mentioned above are uniformly carried, and there are 
shortcomings in that the affinity of Pd is said to be poor while Pt and Rh form alloys and do not exhibit 
sufficient catalytic performance. 

Therefore, the present inventers have proposed a catalyst having a constitution wherein a catalyst 
layer containing at least one of Pt and Rh is made an upper layer, a catalyst layer containing Pd made the 
lower layer and the Pd is completely separated from the Pt and Rh (Published Unexamined Patent 
Applications S85 [sic] -170540. However, the catalytic activity is not always sufficient even for this 
catalyst, and the appearance of a catalyst with even greater activity is desired. 
(Problems to be Solved by the Invention) 

It is an object of the present invention to provide a monolithic catalyst for purifying exhaust gas 
that overcomes the previously mentioned shortcomings, has even greater activity, and can be used with 
exhaust gas flowing from either direction. 
(Means for Solving the Problems) 

The monolithic catalyst for purifying exhaust gas according to the present invention (hereafter 
referred to simply as the catalyst) is characterized in that, in a monolithic catalyst for purifying exhaust gas 
comprising a monolithic catalyst carrier wherein are formed a large number of fine pores and having a gas 
inflow port on one end and a gas outflow port on the other and a catalyst layer supported on the surface of 
the walls forming these pores, 

the catalyst layer is formed from a first alumina layer containing palladium (Pd) and neodymium 
(Nd), and a second alumina layer containing at least Rh out of platinum (Pt) and rhodium (Rh); and at least 
one of rhodium (Rh), lanthanum (La) and cerium (Ce), 

the first alumina layer and the second alumina layer have a constitution having separation along the ; ..; 
axial orientation of the monolithic catalyst carrier. 

In this catalyst, the second alumina layer is one that, for a precious metal, includes at least Rh out of . 
Pt and Rh, more specifically, one that includes Pt and Rh or one that includes only Rh, and is one that, for a 
rare-earth metal, includes at least one of La or Ce, more specifically, one that includes only Le, only Ce or 
both La and Ce. 

In this catalyst, the catalyst layer is one constituted such that the previously mentioned first alumina 
layer and second alumina layer are divided along the axial orientation of the catalyst carrier, and, for 
example, in a carrier divided into four substantially equal parts (1 A, IB, 1C and ID) as shown in Fig. 1, the 
first alumina layer may be formed in a first end part 1 A and an internal part 1C separated by one from that 
first end part 1 A, and the second alumina layer may be formed in the other parts IB and ID. 

Furthermore, this catalyst may divide the monolithic carrier along the axial orientation of this 
monolithic catalyst carrier, and a first one may be formed from the first alumina layer and the other may be 
formed from the second alumina layer. Furthermore, as is shown in Fig. 2, the constitution in this case may 
be such that the first one is a part IE on the upstream side of the monolithic catalyst carrier, and a first 
alumina layer 2A is formed in this part IE, while the other one is a part IF on the downstream side of the 
monolithic catalyst carrier, and a second alumina layer 2B is formed in this part IF. 

In this catalyst, the previously mentioned first alumina layer may be formed from an alumina layer 
containing Nd, with Pd impregnated and carried in this alumina layer. The second alumina layer may be 
one formed from an alumina layer containing at least one of La and Ce, with at least Rh out of Pt and Rh 
impregnated and carried in this alumina layer. 

The production method for this monolithic catalyst for purifying exhaust gas may be one, for 
example, where, first, a coating of alumina containing Nd is performed on one part of the monolithic 
catalyst carrier divided in two along the axial orientation, next a first alumina layer impregnated and 
supporting Pd in the alumina layer formed, and further, alumina containing at least one of La and Ce is 
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coated on the other [part] of the monolithic catalyst carrier and next a second alumina layer impregnated 
and carrying Rh or Pt and Rh in the alumina formed. 
(Effects of the Invention) 

In this catalyst, the catalyst layer is characterized by being formed from the first alumina layer 
containing Pd and Nd and the second alumina layer containing at least Rh out of Pt and Rh and at least one 
of La and Ce, where the constitution is such that this first alumina layer and second alumina layer are 
separated along the axial orientation of the monolithic catalyst carrier. Therefore, since the present 
monolithic catalyst for purifying exhaust gas has a constitution where in Pd and at least Rh out of Pt and Rh 
are included separately, [it] does not invite a reduction in catalytic activity caused by the poor affinity with 
Pd, Rh and the like and is highly active. 

Furthermore, besides the separation of Pd and Rh being more complete in this catalyst, Pd is 
superior in catalytic operation for the oxidation reaction of carbon monoxide (CO) and hydrocarbons (HC), 
and furthermore, this itself has the characteristic of easily oxidizing due to oxygen (0 2 ), while, for example, 
since Rh is superior in reduction reactions for nitrogen oxides (NO x ) and somewhat more oxygen than the 
theoretical air-fuel ratio is consumed by disposing Pd first, NO x reduction by Rh becomes more complete. 
Furthermore, a merit arises in that there is a similar [effect] when the disposition is reversed. Therefore, this 
catalyst has superior catalytic activity for the purification of exhaust gas. In this catalyst, the grain growth 
of Pd and Nd are controlled by additives, and since solid solutions of Rh are prevented by La and Ce 
additives, this catalyst has greater activity than conventional catalysts. More specifically, since each of the 
rare-earth metals, Nd and Ce, are used in an optimal combination with each prescribed precious metal (Pd, 
Pt andRh), highly active catalytic operation is exhibited. 
(Embodiments) 

The present invention will be described through examples in the following. 
(Example) 

The constitution of the monolithic; catalyst for purifying exhaust gas related to the present invention 
is such that in a monolithic catalyst for purifying exhaust gas comprising a monolithic catalyst carrier 1 
wherein are formed a large number of fine pores 5 and having a gas inflow port 3 in one end and a gas 
outflow port 4 in the other and a catalyst:layer2 supported on the surface of the walls forming these pores 5, 
as shown in Fig. 2, 

the catalyst layer 2 is formed from a first alumina layer 2A containing Pd and Nd in part IE on the 
upstream side of the monolithic catalyst carrier 1, viewing the monolithic carrier 1 in the direction of 
exhaust gas 6 flow, 

and a second alumina layer 2B containing Rh, La and C formed in part IF on the downstream side 
of the monolithic catalyst carrier 1 . 

The production method for this monolithic catalyst for purifying exhaust gas is as follows. 

Nitrates of Nd, La and Ce are each water absorbed in alumina powder, dried and baked for two 
hours at 700°C to prepare alumina powders, each containing Nd, La or Ce. The preparations are done such 
that the content is 0.1 mol/£. 

An alumina slurry 1 was prepared by mixing and agitating 1000 g of alumina powder containing 
Nd, 150 g of an aqueous solution of aluminum nitrate (23 wt%), 700 g of aluminasol and 300 g of water. 
One-half of a cordierite honeycomb monolithic catalyst carrier (volume 1.7 2) was immersed in the gas 
flow path orientation in this slurry and pulled out after one minute, the excess slurry blown out of the inside 
of the cells by an air flow, and dried for one hour at 200°C. 

Next, an alumina slurry 2 was prepared by the same method using 500 g each of alumina powders, 
each containing La or Ce. The uncoated part (half of the whole) of the above carrier was coated in this 
slurry 2, and after drying for one hour at 200°C, was baked at 700°C for two hours. In the operations up to 
this point, a carrier Vi coated along the flow path with alumina containing Nd and coated with alumina 
containing La and Ce on the remaining X A has been prepared. 

Subsequently, the coated layer containing Nd was immersed in 2 2 of an aqueous solution (1.0 g/1: 
Pd conversion) of palladium chloride (Pd C2 2 ) for two hours and Pd supported. Next, the coated layer 
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containing La and Ce was immersed in aqueous solution (0.2 g/f : Rh conversion) of rhodium chloride (Rh 
C£ 3 ) for two hours and Rh carried, and a catalyst formed from Pd / Rh = 1 .0 / 0.2 g was obtained. Here, 
one with an upstream side of Nd / Pd was made catalyst "a" and one with an upstream side of La / Ce / Rh 
made "b." The specifications for these catalysts are given in Table 1. 
(Comparative Example) 

An alumina slurry 3 was prepared using 333 g each of alumina powders each containing Nd, La or 
Ce. A honeycomb catalyst carrier (volume 1 .7 t) was immersed in this slurry 3, the excess slurry blown 
out in an air flow after being pulled out, baked at 700°C for two hours after being dried at 200°C for one 
hour, and an alumina coating layer containing Nd, La and Ce formed. Next, there was immersion in an 
aqueous solution (1.0 g/1: Pd conversion) of palladium chloride (Pd Ct 2) and an aqueous solution (0.2 g/£: 
Rh conversion) of rhodium chloride (Rh C£ 3 ), and catalyst "c" was obtained. The specifications for this 
catalyst are given in Table 1 . 

(Evaluation of the Performance of the Example and Comparative Example) 

Table 1 



Catalyst No. 


Upstream side 


Downstream side 


"a" (Example) 


Pd-Nd 


Rh-La-Ce 


"b" (Example) 


Rh-La-Ce 


Pd-Nd 


"c" (Comparative Example) 


Pd-Rh-N 


d-La-Ce 



Durability tests were conducted on the three catalysts above using the following method^ and the 
purification performance was evaluated. 

The durability tests were conducted by installing the catalysts in the exhaust system of a 2.8 £ 
engine, running;at A/F = 14.6, spatial velocity (S. V) = 60,000 Hr' 1 , catalyst bed temperature 720°C. After 
300 hours, the purification rate for a model gas bf HC, Co and NO x was measured. The measurements 
were conducted by temperature characteristics at A/F - 14.6. These results are shown in Fig. 3. = 

According to these results, catalysts "a" and "b" exhibited greater activity than "c", and the effect of 
dividing Pd-Nd and Rh-La-Ce was shown. 

Furthermore, for flow path orientation, both catalysts "a" and n b" exhibited high-level activity, so 
by forming a suitable combination of rare-earth metals and precious metals, and further, supporting them 
separately in the present invention, the shortcoming of having to have Pd on the front side and Rh on the 
later side is eliminated, and the merit if being able to use [it] in either direction arises. 
4. Brief Description of the Drawings 

Fig. 1 is an overall oblique perspective of a monolithic carrier divided into four substantially equal 
parts that is a monolithic catalyst for purifying exhaust gas related to the present invention. Fig. 2 s an 
overall oblique perspective of a monolithic carrier divided into two substantially equal parts that is a 
monolithic catalyst for purifying exhaust gas related to the present embodiment. Fig. 3 is a graph 
showing the catalytic activity of catalysts "a" arid "b" in the embodiment along with catalyst "c" in the 
comparative example. 

1 Monolithic catalyst carrier 2 Catalyst layer 

2A First alumina layer 2B second alumina layer 

3 Gas inflow port 4 Gas outflow port 

5 Pore 6 Exhaust gas flow 
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Fig 1. 
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